
ABSTRACT

Background.Recent data support the hypothesis that com-
bining lapatinib and trastuzumab with taxane chemother-
apymay offer added clinical benefit to patientswith human
epidermal growth factor receptor 2 (HER2)-positive meta-
static breast cancer (MBC). This study examined the safety
of the triplet combination in first-line HER2-positive MBC.
Patients and Methods. Patients were enrolled into three se-
quential cohorts; the last two cohortswere addedbyprotocol
amendment following reviewof safetydata fromcohort1.Pa-
tients in cohort 1 received lapatinib (1000mg/day) plus pacli-
taxel (80 mg/m2 per week, 3 of every 4 weeks); cohort 2
received lapatinib (1000 mg/day) plus paclitaxel (70 mg/m2

perweek, 3 of every 4weeks); and cohort 3 received lapatinib
(750mg/day) plus paclitaxel (80mg/m2perweek, 3 of every 4
weeks). All received standard trastuzumab dosing. The pri-

mary objective was assessment of dose-limiting toxicities,
safety, and tolerability of this combination.
Results. The most frequent adverse events (AEs) for all co-
hortswerediarrhea (89%), rash (79%), fatigue (73%), alopecia
(63%), nausea (63%), and vomiting (40%). In cohorts 1 and 2,
the incidence of grade 3 diarrhea was 62% and 50%, respec-
tively; in cohort 3, the incidence was 25% (with prophylactic
loperamide). Dehydration was the most frequent serious AE
(10%). Across cohorts, overall response ratewas 75%.
Conclusions. The dose-limiting toxicity of paclitaxel, trastu-
zumab, and lapatinib in first-lineHER2-positiveMBCwas diar-
rhea. Of the triplet combinations tested, the cohort receiving
750mg/daydoseof lapatinibhad the lowest incidenceofdiar-
rhea; therefore, this dose should be used in further studies on
the treatment ofMBC. TheOncologist2013;18:661–666

Implications for Practice: Dual targeting of theHER2 receptor using trastuzumaband lapatinib has been shown tobeeffective in
HER2-positivemetastatic breast cancer. In this study,weevaluated the safety of paclitaxel in combinationwith trastuzumaband
lapatinib. Themainsideeffectwasdiarrhea,whichoccurredinthemajorityofpatientsatthestandarddosingofall threedrugs.Aphar-
macokinetic interactionwasfoundbetweenpaclitaxelandlapatinib, resulting in increasedexposureofbothdrugs.Weevaluatedthree
dose levelsof lapatinibandpaclitaxel (all patients receivedstandard trastuzumabdosing).Adoseof lapatinib750mg/dayhadthe low-
est incidenceofdiarrhea incombinationwithpaclitaxel80mg/m2perweekandtrastuzumab2mg/kgperweek.Thesedosesshouldbe
used if the triplet is considered for furtherdevelopment inpatientswithHER2-positivemetastatic breast cancer.

INTRODUCTION

Thehumanepidermalgrowth factor receptor2 (HER2) isover-
expressed in approximately one third of breast cancers and is
associatedwithamoremalignantphenotype,resistancetoche-
motherapy, and poor prognosis [1–5]. Inhibition of HER2 signal-
ing has been shown to be a clinically relevant goal, and several
currently approved therapeutic strategies areavailable [6].

One strategy involves trastuzumab, a monoclonal anti-
body that targets the extracellular domain of HER2. A second
strategy involves lapatinib, an orally active small molecule ty-
rosine kinase inhibitor with intracellular activity against HER2
and epidermal growth factor receptor. Although both trastu-
zumab[7]and lapatinib [8]havedemonstratedclinicalbenefit

as monotherapies, the efficacy of these agents in HER2-posi-
tivedisease is greatlyenhancedwhencombinedwith first-line
taxane chemotherapy [9, 10].

For example, the combination of either trastuzumab or
lapatinibwithpaclitaxel iswell-toleratedandoffers significant
clinical benefits to patients with HER2-positive metastatic
breast cancer (MBC) [9, 11–14]. The combinationof paclitaxel
(175 mg/m2 every 3 weeks � 6 cycles or 80 mg/m2 every
week) with trastuzumab as first-line therapy in HER2-overex-
pressingMBCwas shown to be superior to paclitaxel alone [9,
11]. Similarly, aphase III, first-line study (EGF30001) inwomen
with HER2-negative and HER2-uncharacterized MBC showed
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that the addition of lapatinib to paclitaxel (175mg/m2 every 3
weeks) improved time to progression, overall response rate
(ORR), and clinical benefit rate in a preplanned subgroup of
HER2-positive patients [12]. Recent work by Jagiello-
Gruszfeld et al. [13] produced an encouraging ORR for first-
line paclitaxel plus lapatinib (51% and 77% as assessed by the
independent review committee and investigator, respec-
tively). In addition, a phase III randomized, double-blind study
comparing lapatinib plus paclitaxel versus paclitaxel alone
showed that lapatinib plus paclitaxel improved median sur-
vival by 7.3 months and significantly reduced the risk of dis-
ease progression by 48%over paclitaxel alone [14].

Combination treatment with trastuzumab and lapatinib has
alsoyieldedpromisingresults.Thesetwoagentshavetheadvan-
tageof targetingdifferentdomainsofHER2signalingandofhav-
ing partially nonoverlapping mechanisms of action [15–18].
Results fromaphaseIII study(EGF104900)showedthatthecom-
bination of lapatinib plus trastuzumab significantly improved
progression-freesurvival (PFS)andclinicalbenefit rateover lapa-
tinibaloneand tended tooffer a survival benefit [19].

Taken together, these data offer an appealing hypothesis
that the combination of anti-HER2 therapies and taxanesmay
improve clinical benefit in patients with HER2-positive MBC.
We report results of an open-label phase I study conducted to
assess the safety and tolerability of the triplet combination of
lapatinib, trastuzumab, andpaclitaxel as a first-line treatment
for HER2-positiveMBC.

PATIENTS ANDMETHODS

Study Population
Patientswerewomenaged�18 yearswith histologically con-
firmed invasive stage IV breast cancer. All had tumors overex-
pressingHER2 (definedas3�by immunohistochemistry [IHC]
or HER-2/neu gene amplification by fluorescence in situ hy-
bridization [FISH] or 0 to 2� by IHC and HER-2/neu gene am-
plification by FISH). All women had a lesion measurable by
Response Evaluation Criteria in Solid Tumors (RECIST) or as-
sessable disease. Adequate organ function, a left ventricular
ejection fraction (LVEF)within institutional normal range, and
Eastern Cooperative Oncology Group (ECOG) performance sta-
tusof0or1werealsorequiredforenrollment.Previousadjuvant

treatment with trastuzumab was permitted if 12 months had
elapsed since its discontinuation; previous neoadjuvant/adju-
vant treatment with taxanes was permitted if progression had
occurred12ormoremonthsafter its completion.

Patientswithprior treatment formetastatic disease, ahis-
tory of central nervous system metastases, uncontrolled or
symptomatic angina, arrhythmias, congestiveheart failure, or
persistent peripheral neuropathy � grade 2 or with certain
gastrointestinal or hepatobiliary diseaseswere excluded.

Study Design
EGF104383 was initially designed as a randomized, double-
blind, placebo-controlled phase III study comparing the effi-
cacy and tolerability of paclitaxel plus trastuzumab plus
lapatinib with paclitaxel plus trastuzumab plus placebo in
women with HER2-amplified MBC. Prior to the start of the
planned randomized phase of this trial, an open-label safety
study was conducted. The results of this safety study are pre-
sentedhere.Thephase III randomizedphaseof this studydidnot
occur because of the high rates of grade 3 diarrhea at standard
doses of lapatinib (1,000mg) in this triple combination and the
subsequent timetakentorecruitpatients into the threecohorts.

Thestudydesign ispresented inFigure1.Patientswere ini-
tially enrolled in the open-label safety cohort between De-
cember 2005 and October 2006 and were treated with a
combinationof paclitaxel (80mg/m2 intravenouslyweekly for
3 weeks of a 4-week cycle), trastuzumab (2 mg/kg weekly in-
travenously, including a loading dose of 4 mg/kg), and oral
lapatinib (1,000 mg daily). Paclitaxel was administered for a
minimumofsixcyclesandcouldbecontinuedat investigatordis-
cretion or discontinued if the patient progressed, refused treat-
ment, or experienced an unacceptable toxicity. If unacceptable
toxicity relatedtopaclitaxelwasexperiencedorat least sixcycles
of paclitaxel were received, paclitaxel could be halted and lapa-
tinib and trastuzumab continued until disease progression. If ei-
ther lapatinib or trastuzumab was discontinued, all treatments
werehalted.

After reports of gastrointestinal adverse events (AEs;
seven patients experienced grades 3 and 4 diarrhea), the pro-
tocol was amended to close enrollment into cohort 1 and ini-
tiate enrollment into cohort 2. A second cohort was added to

Figure 1. Study design. Trastuzumab 4mg/kg loading dose.
Abbreviations: CNS, central nervous system; HER2, human epidermal growth factor receptor 2; IV, intravenous; po, bymouth.
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explore a lower dose of paclitaxel (70 mg/m2) plus the same
doses of trastuzumab and lapatinib. If a patient tolerated the
lowerdose for twocycles, at thediscretionof the investigator,
thepaclitaxel dose couldbe increased to80mg/m2,which the
patient continued to receive in subsequent cycles. Followinga
reviewof thecohort2 safetydata, enrollment ina third cohort
investigating a lower dose of lapatinib (750mg/day) plus pac-
litaxel (80 mg/m2) plus trastuzumab was initiated. If the first
two cycles were well-tolerated, lapatinib could be increased
to1,000mg/day for thesubsequentcycles, at thediscretionof
the investigator. The protocol amendment required all pa-
tients in all three cohorts to receive prophylactic loperamide
for diarrheamanagement.

This study was conducted in accordance with good clinical
practice, all applicable regulatory requirements, and the guiding
principles of the Declaration of Helsinki. An institutional review
board of each participating center approved the study protocol,
andeachpatientorher guardianprovided informedconsent.

Study Endpoints and Assessments
The primary objective of this open-label safety study was as-
sessment of dose-limiting toxicities, safety, and tolerability of
lapatinibwhenadministeredwithpaclitaxelandtrastuzumab.
To that end, an emphasis was placed on descriptive compari-
sons of the safety cohorts. Primary safety endpoints for the
open-label phase included extent of exposure, AEs, deaths,
and characteristics of diarrhea, aswell as vital signs, hematol-
ogy, clinical chemistry, and toxicity laboratory data. AEs were
gradedaccording toNational Cancer Institute CommonToxic-
ity Criteria v3.0 (NCI CTC).

Echocardiograms or multiple-gated acquisition scans
were performed every 8 weeks. Cardiac dysfunction was de-
fined as any grade 3 deterioration in LVEF function or a�20%
relativedecrease inLVEF frombaseline that isbelowthe lower
limit of normal. Patients with an NCI CTC AE grade 3 or 4 left
ventricular systolic dysfunction were withdrawn from lapa-
tinib and trastuzumab.

Blood samples for plasma lapatinib concentrations were
collected from a small subset of patients in each cohort (co-
hort1,n�3; cohort2,n�4; cohort3,n�6)onday1of cycles
1 and 2 at predose, immediately prior to termination of pacli-
taxel infusion (to determine the paclitaxel concentration) and
4hourspostlapatinib. Efficacydataweresummarized foreach
cohort and in total across cohorts; however, no formal hy-
pothesis testing was performed. The primary efficacy end-
point was ORR, which was defined as the percentage of
patients achieving either a complete (CR) or partial (PR) re-
sponse per RECIST 1.0 during the study. Secondary efficacy
endpointswereclinical benefit, PFS, time to response, anddu-
rationof response.Clinicalbenefitwasdefinedas thepercent-
ageofpatientsachievingCR,PR,or stabledisease (SD) for�24
weeks. PFSwas defined as the time from first dose to the ear-
liestdiseaseprogressionordeathduetoanycause.Timetore-
sponse was defined as the time from first dose until CR or PR.
Duration of response was defined as the time from first evi-
dence of PR or CR until the first sign of disease progression or
death. ORR, clinical benefit, PFS, and disease progression
were based on investigator assessments per RECIST 1.0.

STATISTICALMETHODS
The efficacy, safety, and tolerability analyseswere based on the
open-label population (all patientswho took studymedication).
Continuousvariablesweresummarizedwith thestatisticsmean,
median, standarddeviation, andminimumandmaximum; cate-
gorical variables were summarized with frequency counts and
percentages. All confidence intervals (CIs) were two-sided and
used 95% confidence levels. Any analysis requiring significance
testingusedatwo-sidedtestat the0.05significance level,unless
otherwise specified. Patients with unknown or missing re-
sponsesweretreatedasnonrespondersandwereincludedinthe
denominatorwhencalculating thepercentage.

RESULTS

Study Population andDisposition
As of March 2010 (the data cutoff date for this analysis), 63 pa-
tientswereenrolled inoneof threecohorts, the first patientwas
enrolled in December 2005, and the last patient was enrolled in
April 2009. Cohort 1 received lapatinib (1,000mgdaily) pluspac-
litaxel(80mg/m2weeklyfor3weeksina4-weekcycle).Following
a review of the safety data from cohort 1, the protocol was
amended to add an additional two cohorts. Cohort 2 received
oral lapatinib (1,000mg daily) plus paclitaxel (70mg/m2 weekly
for 3 weeks in a 4-week cycle), and cohort 3 received lapatinib
(750mgdaily) plus paclitaxel (80mg/m2weekly for 3weeks in a
4-weekcycle).All cohortsreceivedtrastuzumab(2mg/kgweekly
plus a loading dose of 4 mg/kg) concurrently with lapatinib and
paclitaxel. After the protocol was amended, all patients also re-
ceived prophylactic loperamide. No patients withdrew before
the start of treatment, resulting in a safety population of 63 pa-
tients. Patients were enrolled sequentially into the cohorts;
therefore, the members of cohort 3 spent the shortest time on
treatmentbefore theclinical cutoff date.

Table 1. Baseline demographics and prior treatments

Characteristic
All cohorts
(n� 63)

Median age, yr 53

Eastern Cooperative Oncology Group
performance status, n (%)

0 47 (75)

1 16 (25)

Median time from initial diagnosis of breast
cancer to randomization (days)

121

Hormone-receptor positive, n (%) 37 (59)

Human epidermal growth factor receptor
2-positive, n (%)

62 (98)

Common sites ofmetastatic disease, n (%)

Lymph nodes 39 (62)

Bone 33 (52)

Liver 27 (43)

Breast 26 (41)

Lung 21 (33)

Prior anticancer therapy, n (%)

Adjuvant trastuzumab 6 (10)a

aTwo patients in each cohort.
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Baseline demographics and prior therapies are presented
in Table 1. At the data cutoff date (March 2010), the open-
label safety enrollment was complete and preliminary data
were available for all patients. A total of 44 patients were still
enrolled in the trial; 9patientshadwithdrawn;10patientshad
died; and the last patient enrolled had completed 11 months
of the study andwas still undergoing treatment.

Treatment Summary
Lapatinib was permanently discontinued by 52 (83%) patients
(27patients incohort1,11patients incohort2,and14patients in
cohort 3). Of those discontinuations, 21 (33%) were due to dis-
ease progression and15 (24%) due toAEs. Five patients decided
towithdrawfromthestudy(n�3,5%)or fromtreatment(n�2,
3%), and the investigator decided that six patients should with-
draw (10%). Other reasons for stopping lapatinib permanently
wereprotocolviolations (n�1,2%),noncompliance(n�1,2%),
orprolonged interruptionof studydrug (n�1, 2%).

Safety
Overall, themost frequently reportedAEs by all patientswere
diarrhea (89%), rash (79%), fatigue (73%), alopecia (63%),
nausea (63%), vomiting (40%), constipation (29%), myalgia
(29%), cough (29%), and insomnia (22%) (Table 2). Most AEs
reported during the studywere grade 1 or 2.

Diarrheawas reportedby97%ofpatients in cohort 1, 93% in
cohort 2, and 75% in cohort 3 (Fig. 2). Thirty patients (48%) had
grade3diarrhea, but nograde4diarrheawas reported. Twopa-

tients incohort1reporteddiarrheaasaseriousAE(SAE),andtwo
patientswithdrewfromthestudytreatmentbecauseofdiarrhea
(onepatientfromcohort1andonepatientfromcohort2).Thein-
cidence of grade 3 diarrhea was considerably lower in cohort 3
(25%) than in cohort1 (62%)andcohort2 (50%), andnopatients
fromthis cohortwithdrew fromstudy treatment.

Eightpatients reportedhepatobiliaryAEs (cohort 1, six pa-
tients; cohort 3, two patients). All events were grade 1 to 2 in
severity except one grade 3 event in cohort 1; none led to a
withdrawal from lapatinib.

Twelve patients (19%) had decreases in LVEF reported as
an AE. Of the 12 patients, eight were in cohort 1 (three with-
drew from treatment), three were in cohort 2 (one withdrew
from treatment), and one was in cohort 3. All events were
grade 1 to 2 in severity except one grade 3 event in cohort 1.

SAEswereexperiencedby37%ofpatients (Table3).Dehy-
drationwas themost frequently reportedSAE (10%);of the six
patients with dehydration, five were in cohort 1. Other com-
monSAEs includeddecreased LVEF (5%), diarrhea (3%), hypo-
kalemia (3%), nausea (3%), pleural effusion (3%), and
vomiting (3%). There were no fatal SAEs.

Pharmacokinetics
Plasma lapatinibconcentrationsweremeasured in threetosix
patients from each cohort. Maximum concentrations ranged
from543 to 4,893 ng/mL.

Figure2. Incidenceof diarrheabymaximumseverity grade. Percentageswithin diarrhea grades arebasedon thosepatientswhoexpe-
rience diarrhea.

Table 2. Summary of frequently reported AEs

AEs n (%) Cohort 1 (n� 29) Cohort 2 (n� 14) Cohort 3 (n� 20) Total (n� 63)

Diarrhea 28 (97) 13 (93) 15 (75) 56 (89)

Rash 25 (86) 9 (64) 16 (80) 50 (79)

Fatigue 22 (76) 12 (86) 12 (60) 46 (73)

Alopecia 22 (76) 7 (50) 11 (55) 40 (63)

Nausea 17 (59) 10 (71) 13 (65) 40 (63)

Vomiting 15 (52) 6 (43) 4 (20) 25 (40)

Constipation 6 (21) 7 (50) 5 (25) 18 (29)

Myalgia 11 (38) 3 (21) 4 (20) 18 (29)

Cough 12 (41) 3 (21) 3 (15) 18 (29)

Insomnia 6 (21) 6 (43) 2 (10) 14 (22)

Abbreviation: AEs, adverse events.
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Efficacy
Amongall 63patients, therewere threeCRsand44PRs, yielding
anORR of 75% (47 out of 63 patients; 95%CI: 62.1–84.7) (Table
4).Amongthecohorts,responserateswere79%(23outof29pa-
tients; 95%CI:60.3–92.0) in cohort1;71%(10outof14patients;
95% CI: 41.9–91.6) in cohort 2; and 70% (14 out of 20 patients;
95% CI: 45.7–88.1) in cohort 3. As more than 50% of patients
werecensoredwithoutaneventofprogressionordeath,anesti-
mationofPFSand time toprogressionarenot reported.

DISCUSSION
The safety results presented in this study showed a high inci-
denceof grade3diarrhea in cohorts 1 and2 (62%and50%, re-
spectively)when lapatinibwasgivenatadoseof1,000mg/day
concurrently with paclitaxel and trastuzumab. This incidence
(25%)wasgreatlyreducedincohort3withalapatinibdoseof750
mg/day in combination with paclitaxel and trastuzumab when
given with prophylactic loperamide. The diarrhea reported by
patients receiving 750mg/day of lapatinibwith loperamidewas
manageable as indicatedby the fact that only twopatientswith-
drewfromthis lowerdoseof lapatinibbecauseofdiarrhea.How-
ever,evengrades1and2diarrheacanhavean important impact
on quality of life. For that reason, it is important tomanage diar-
rheaproactivelybefore it becomes severe.

Studies using trastuzumab plus paclitaxel have reported re-
sponse rates ranging from 50% to 81% in HER2-overexpressing
first-line MBC patients [9, 11, 20]. In addition, a recently com-
pleted randomized phase III study demonstrated that the ad-

dition of lapatinib to paclitaxel improves response rates over
paclitaxel alone (69%vs. 50%, respectively,p� .0001) [14]. In
thepresent study, the triplet combinationof lapatinib, trastu-
zumab, and paclitaxel yielded an across-cohort ORR of 75%
(cohort 1, 79%; cohort 2, 71%; cohort 3, 70%). Although this
response rate is encouraging, a large, randomized, double-
blind comparative clinical study is required to determine the
clinical benefit of this combination in the treatment ofMBC.

Novel combinations of anti-HER2 agents and chemothera-
pies are neededbecausemanywomenwithHER2-positiveMBC
do not respond to conventional anti-HER2-directed regimens
[21,22]. Inaddition,ofthosepatientswhoexperienceimpressive
tumor responses,manydevelopprogressive disease in less than
ayear [9, 23, 24]. Thus, several studieshaveanalyzed the combi-
nation of targeted therapies as a way to optimize breast cancer
treatment [25]. Dual combination therapy of lapatinib plus tras-
tuzumabhasdemonstrated improvedactivitycomparedwithei-
ther lapatinib or trastuzumab alone in patients with breast
cancer [19, 26].These data from the present study indicate that
the triplet combination of lapatinib, trastuzumab, andpaclitaxel
is clinically feasible and potentially effective in first-line HER2-
positiveMBC. However, given the high frequency of diarrhea as
noted in this study, risk/benefit analysisofefficacyversusquality
of life isan importantconsideration.Theactivityofboth lapatinib
and trastuzumab in combination with paclitaxel in the neoadju-
vant and adjuvant setting is ongoing in patients with HER2-
positive stage II or stage III breast cancer (CALGB 40601

Table 3. Most common SAEs

SAE, n (%) Cohort 1 (n� 29) Cohort 2 (n� 14) Cohort 3 (n� 20) Total (n� 63)

Any SAE 12 (41) 6 (43) 5 (25) 23 (37)

Dehydration 5 (17) 0 (0) 1 (5) 6 (10)

Decreased left-ventricular ejection fraction 2 (7) 1 (7) 0 (0) 3 (5)

Diarrhea 2 (7) 0 (0) 0 (0) 2 (3)

Hypokalemia 2 (7) 0 (0) 0 (0) 2 (3)

Nausea 1 (3) 0 (0) 1 (5) 2 (3)

Pleural effusion 0 (0) 1 (7) 1 (5) 2 (3)

Vomiting 1 (3) 0 (0) 1 (5) 2 (3)

Abbreviation: SAEs, serious adverse events.

Table 4. Investigator-assessed best response by treatment cohort

Response evaluation criteria Cohort 1 (n� 29) Cohort 2 (n� 14) Cohort 3 (n� 20) Total (n� 63)

Best response,a n (%)

CR 1 (3) 1 (7) 1 (5) 3 (5)

PR 22 (76) 9 (64) 13 (65) 44 (70)

Stable disease 3 (10) 1 (7) 2 (10) 6 (10)

Progressive disease 0 (0) 1 (7) 2 (10) 3 (5)

Unknown 3 (10) 2 (14) 2 (10) 7 (11)

Overall response rate

CR or PR, n (%) 23 (79) 10 (71) 14 (70) 47 (75)

95% confidence interval (60.3, 92.0) (41.9, 91.6) (45.7, 88.1) (62.1, 84.7)

Median time on treatment, weeks (range) 33 (3–172) 38.5 (2–103) 32.5 (1–81) 33 (1–172)
aBest response assessed by Response Evaluation Criteria in Solid Tumors 1.0 guidelines.
Abbreviations: CR, complete response; PR, partial response.
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[NCT00770809] and ALTTO [NCT00490139]). The doses of this
triple combination treatment used in theALTTOandother stud-
ies were determined partially as a result of interim safety data
generated fromtheEGF104383study.

CONCLUSIONS
The analysis of the safety and tolerability of lapatinib, trastu-
zumab, and paclitaxel show that the combination may be
well-tolerated with a 750 mg/day dose of lapatinib. Doses of
lapatinib above750mg/day in combinationwith trastuzumab
and paclitaxel are not recommended given the greater inci-
dence of severe diarrhea reported in this study. Although
plasma concentrations of lapatinib weremeasured, the small
sample size and intrinsically high variability in lapatinib phar-
macokineticsprecludeanymeaningfulanalysis.Overall, these
data show that the triplet combination can be administered
with a manageable safety profile and offer evidence of high
antitumor activity in patients with HER2-positiveMBC.
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